The waste water sample is pumped at the flow rate of 4 cm3 min' to the mixing joint, where a reaction solution (5x]03 M bismuth nitrate-containing sodium acetate buffer at pH 5.0) is mixed at the rate of 1 cm3 min'. Then the mixture containing hydrogen cyanide is fed into a gas-liquid separator.
In a plating factory, a large quantity of cyanide is produced as waste. Free cyanide ion and unstable metal cyano complexes are very poisonous; the Japanese threshold limit value for cyanide in waste water is 1 ppm(3.8X10-5 M). Spectrophotometric and ion selective potentiometric methods are recommended' for the determination of cyanide in waste water. Both methods require a tedious pretreatment, distillation separation for interfering species. In monitoring toxic pollutants for environmental control, automated systems are desirable2; flow-injection or continuous flow analysis appear promising in this respect. Pretreatment methods with membrane separation are recently found to be good because of their simplicity, rapidity, and accuracy. To eliminate any interferences, a membrane separation method was used to determine ozone in waste water3, nitrite4 and carbonates in seawater and hydrogen fluoride in waste gas. 6 Okumoto et al. ' have applied this technique to FIA of cyanide; however, its lower detection limit was 1X105 -M.
In this work, we developed a rapid and simple pretreatment method for continuous determination of cyanide in waste water.
In the present method, hydrogen cyanide produced in an acidified sample is diffused into an absorption solution through a porous Teflon membrane. Then, cyanide ion is measured with a cyanide ion selective electrode.
Experimental

Reagents and equipment
The absorption solution for hydrogen cyanide produced was 0.02% sodium hydroxide. The reaction solution was prepared by dissolving 5X103 mol of bismuth nitrate in 1 dm3 of sodium acetate buffer, including 60 cm3 of acetic acid and 12 g of sodium hydroxide; the pH of this solution was ca. 5.0. Cyanide standard solutions were prepared by dissolving potasium cyanide in 10-3 M sodium hydroxide. Three peristaltic pumps (SJ-1211 H and L; Atto Co.) were used to pump the absorption solution, reaction solution and sample solution into a filter holder. The cyanide selective electrode (Denki Kagaku Keiki Co.; Model CN 7002) was used in combination with a saturated calomel reference electrode. Both electrodes were fitted into a flow cell (D. K. K. Co.; Model FLC-11).
Flow system and membrane f lter holder A schematic diagram of the flow system and the membrane filter holder is shown in Fig. 1 . The sample solution was pumped at the flow rate of 4 cm3 min' to the mixing joint, where the reaction solution was mixed at the rate of 1 cm3 min'. Then the mixture containing hydrogen cyanide was introduced into the bottom groove of the filter holder. Hydrogen cyanide produced in the mixture permeated through the membrane filter into the absorption solution, which was pumped through the top groove of the filter holder at 24 cm3 h-'. The directions of both flows were the same. The gas-liquid separation was made at room temperature. The absorption solution containing the cyanide produced then passed to the cyanide selective electrode and was discarded via the SCE. Potentials were measured at room temperature with the voltmeter and recorder. Fluoropore microporous polytetrafluoro-ethylene (PTFE) membranes (Sumitomo Denko Co.) were used; the pore sizes were 0.80 and 5.0 µm, and the thicknesses were 0.08 mm and 0.10 mm, respectively; both porosities were the same, 82%. The effective surface of the membranes was 38 mm long by 4 mm wide in the filter holder, though the circles were of 47-mm diameter. The membrane filter holder was specially constructed from acrylic resin (D.K.K. Co.,). The filter holder was made in two parts, which were screwed together tightly to hold the circular (47-mm diameter) filter. The groove for the sample solution was 38 cm long, 4 mm wide and 3 mm deep; the groove for the absorption solution was 38 mm long, 4 mm wide and 0.3 mm deep. When the sample solution-reaction solution mixture flow rate was 5 cm3 min-', the mean residence time of the mixture in the holder was 5.6 s. When the absorption solution flow rate was 24 cm3 h-', the mean residence time of the solution in the holder was about 6.9 s.
Results and Discussion
Relation off low rate of absorption solution to concentration ratio and response time The concentration ratios (Ca/ Cs) were calculated from the cyanide concentrations of both in absorption solution (Ca) and in standard cyanide solutions (Cs) at flow rates of 6-42 cm3 h-' for the absorption solution (Fig. 2) . The concentration ratio decreased with increasing flow rate, because permeation efficiency of hydrogen cyanide did not increase proportionally with the flow rate of absorption solution. Figure 2 also shows the relation of flow rate to response time, defined as the time required for the electrode potential to come within 1 mV of its steady-state value. Both the concentration ratio and the response time decreased with the increasing flow rate of the absorption solution. The selected flow rate of absorption solution (24 cm3 h-') is a compromise between these effects.
The relation of flow rate of sample solution to concentration ratio and response time Although the concentration ratio increased with increasing flow rate of sample solution (Fig. 3) and the response time also slightly decreased, taking a large volume of sample solution is unadvisable in practical use. So the flow rate of 4 cm3 minx' was chosen as the optimal flow rate. As shown in Table 1 , the response time decreased with increasing the concentration of cyanide in sample solution. These relations8 were also seen in usual potentiometry (batch wise results).
Since the response is dependent on the pH of mixed solution of sample and reaction solution, the effect of pH of mixed solution was studied. In the pH range of 2-7 in mixed solution, the same calibration curves were observed for the cyanide concentration range of 10-3 -10-6 M, when the experimental conditions shown in Fig. 4 were used (the pKxcN is 9.14). Sodium hydroxide (5X103 M) was used as the absorption solution to maintain the pH of the absorption solution above 11; the solution was naturally suitable for actual ISE analysis.
Since the permeation efficiency of hydrogen cyanide produced from mixed solution is influenced by the temperature of the mixed solution, the effect of the Response/ time characteristics The response/ time characteristics for three concen- Table 2 Response to various metal cyano complexes trations of cyanide ion obtained under the recommended conditions are shown in Fig. 4 . The samples containing cyanide ion were introduced in place of pure water at times of 0, 9 and 17 min, the blank being reintroduced at times of 5, 14 and 20 min. The calibration graph showed an almost Nernstian response in the range 1X106 --1X103 -M (Fig.  5) ; the relative standard deviation at 1X104 -M was less than 2.8% (n=8). The plot curved in the usual way below 1 X 10-6 M, and the lower detection limit was 1X107 -M cyanide ion.
Responses to various metal cyano complexes
As shown in Table 2 , the metal cyano complexes whose stability constants are below 1017 were determinable by the present method.
The metal cyano complexes whose stability constants are above 1020 could not be determined easily or at all by the present method.
Effects of sulfide ion and bismuth nitrate on response
The substance which changes into gas when the sample solution is acidified with reaction solution may respond to the cyanide electrode. Sulfide ion and nitrite were examined by this method. One-tenth M nitrite did not respond to the electrode under the experimental conditions used. As shown in Table 3 , sulfide, which forms insoluble salts of silver, responded strongly to the electrode.10 However, the influence due to sulfide was easily avoidable by addition of bismuth nitrate" to the reaction solution.
Determination of cyanide in waste water of a plating factory Just after the real sample solution was collected, it was alkalized to pH 11 with 2 M sodium hydroxide to prevent volatilization of hydrogen cyanide from sample solution. Recovery of cyanide from waste water of zinc plating was satisfactory and no interference was noted ( Table 4 ). The present method permits the continuous and sensitive determination of cyanide, and is applicable to the screening of waste water samples for cyanide liberated at pH 5. Experimental Table 3 Effects of response sulfide ion and bismuth nitrate on Table 4 Determination plating factory of cyanide in waste water of a zinc
